Introduction
In a previous publication (4) it was shown that the red portion of the visible spectrum was especially effective in inducing photoperiodic responses in long day plants when used to prolong short winter days. These responses generally included earlier flowering, increased internodal development, and a greater top-root ratio. The yellow, blue, and green regions of the visible spectrum of wavelengths shorter than 650 mp were relatively much less effective. It was further indicated that the infra-red was relatively ineffective under the conditions of experimentation. When the white radiation of an incandescent lamp was used to prolong the normal winter daylight period, the responses obtained were like those produced by red radiation (650 to 720 mpu) alone.
Since all of the plants studied in the above mentioned paper were of the long day type, it was considered of interest to determine the spectral region responsible for the vegetative condition induced in typical short day plants as contrasted with the reproductive responses of long day plants, such as occurs when the white radiation of an incandescent lamp is used to prolong the day. SCHAFFNER (3) has shown that corn, which normally produces staminate terminal inflorescence under long summer days, tends to give rise to carpellate flowers in the tassels under the short days of winter, especially when the corn is seeded around the first of November in the vicinity of the latitude of 400 N. Corn might, therefore, be considered a short day plant so far as femaleness in the terminal inflorescence is concerned. The seeds were sown in flats on the dates indicated in table I and the seedlings were transplanted as necessary to 3-inch pots in a rich manure composted loam. They were further transferred to 6-inch pots as the plants became larger and were thus grown to maturity. Two series of aster and salvia plants were grown. The first of each series was started in the fall and the second in the winter. The earlier group of aster seedlings was germinated in a 121-hour day which has been shown to be of sufficient length to bring aster into flower at the temperatures used (1) . The later plants were germinated in a 91-hour day and they remained in the vegetative state in the control plots until the days became sufficiently longf to induce reproduction. The earlier group of salvia was originated from a clonal line propagated from cuttings, the first of which were made the previous spring from a single mother plant. At the beginning of the experiment, when the lights were applied on October 18, all the plants were in full flower. The later group of salvia was started from seed and the plants were still vegetative when the lights were applied.
A portion of the plants of the later series of both aster and salvia were harvested for data on dry weight of tops and roots and for leaf area and height at the ages shown in tables II and III. The remaining plants and the other plant material used in the experiment were allowed to come to maturity for flowering data. The same filters for the red, green, and blue plots were used in the present experiments as were described previously (4). However, the intensity used was one-fourth as great, due to the fact that in the blue the series was balanced for 500 watts instead of 2000 watts. Figure 1 presents the relative energy distribution curves of the filters as obtained by plotting the product of the transmittancy of the filters and the relative spectral energy distribution of the lamp used as calculated from the data of HOLLADAY (2) . The filters consisted of dyed gelatin films on glass, the details of preparation of which have not yet been published. The The more detailed data presented in table II on aster indicate that the low-est dry weight of tops, the lowest top-root ratio, the smallest leaf area, and the shortest plants occurred under green radiation and in the control, the control value usually being somewhat less than that for the green. The term root is not applied in a strictly anatomical sense but it is used to designate the underground portion of the plant. An increased synthesis of dry matter under red and white light is indicated by the,se dry weight values.
However, milost of the products of this increased activity are not translocated to the roots since the plants under all of the experimental conditions had root systems of comparable dry weights. It is interesting to note that the greater leaf surface in the red is associated with increased dry weight. The plants in the red were taller than any of the others. Those in the blue were somewvhat shorter than in the red or white and had shorter internodes. No very great differences occurred in the dry weight of tops, total dry weight, or toproot ratios of plants in the white, red, or blue. Little difference was noted in dry weight of roots or number of leaves between any of the aster plants under the various conditions. Nonie of the short day plants bloomed under the red or white radiation. Salvia, cosmos, and Tithonia all flowered in the green, blue, and control, with no significant difference in time of flowering between any of these three eonditions. With the salvia from clonal cuttings which were all in full flower at the time the days were lengthened with the various wavelengths of radiation, those under white and red light discontinued flowering very soon after the application of artificial light while those in the control, green, and blue remained in the reproductive state. With those seeded in winter, and apparently vegetative when the days were lengthened as designated, only those in the green, blue, and control bloomed.
With salvia, the lowest dry weight of tops and total dry weight occurred in the white and red. The blue and control conditions gave the greatest top and total dry weight. Green radiation produced plants with intermediate values for these weights. The control plants had the smallest total leaf area and were the shortest. No large differences could be noted in height or leaf areas between plants from the other experimental conditions. The weight values are indicative of a decreased synthesis of dry matter due to days prolonged with red and white light. These are directly contrasted with the results of the long day aster.
In the case of corn, red radiation was capable of preventing the production of carpellate inflorescences in the tassel, which have been shown by SCHAPFNER to appear in short days and as occurred in the present investigation in the control group of plants. The addition of blue or green radiation had no effect in preventing the appearance of such inflorescences.
The Green radiation had little effect with the species used other than to increase the size of the plant somewhat. This is true for both long and short day plants.
Blue radiation does not appear to produce the definite results occurring with the red. The long day aster and sunflower bloomed under the blue about as readily as under the red, although the plants under the blue were neither so tall nor, in the case of aster, did they synthesize so much dry matter. With scabiosa, no flowering occurred although the plants were larger than in the green or control. On the other hand, the short day plants behaved very much as they did under the short days of the control.
Although both aster and sunflower are long day plants, the minimum daylength required to induce the reproductive state is relatively short. The aster plants seeded late under days prolonged by blue, red, and white light bloomed just 20 to 30 days sooner than those plants under the short day. This indicates that the natural daylength was probably suitable for blooming at the time those plants under the red flowered, but that the control plants had not matured quite so rapidly. Indications are that the natural daylength was nearing a critical one for both sunflower and aster.
Aster is a plant which approaches the indifferent type in response. It has been shown (1) that the Heart of France, a variety of China aster is capable of flowering at any season of the year when grown at relatively high temperatures of 650 to 70°F. It has been shown further (5) that at has been shown (1) that the Heart of France, a variety of China aster, is flower in days shorter than 11 to 12 hours, irradiation periods lengthening the days to 21 hours for only 40 days during the seedling stage were capable of inducing the reproductive condition. Low intensities (5) of 0.1 foot candle applied under similar conditions are also capable of inducing reproduction. Thus it appears that aster was always very close to the threshhold of the vegetative condition in the control plots and only a small stimulus was required to induce reproduction. Although less detailed work has been done with the sunflower, the present results indicate that it falls into the same class.
The minimum daylength necessary for flowering in scabiosa is much longer than for aster and sunflower as indicated in the present work. Further, scabiosa has been found by the authors, in unpublished work, to require much higher intensities of supplementary light for blooming than aster and sunflower, at the temperatures and daylengths used. Thus, under the conditions of the experiment, the natural daylength at no time approached a critical one for scabiosa. It should be kept in mind that no attempt was made to regulate the natural daylength during the course of the experiment and that this decreased or increased according to the season.
For the short day plants, no critical natural daylengths apparently occurred during the duration of the investigation. From the energy distribution curves shown in figure 1 , it can be seen that the blue effect on aster and sunflower must have been due to energy of wavelengths shorter than 450 mp since the green radiation had slight effect and the filter used in the green transmitted energy up to this point.
It might be inferred that red radiation longer than 650 mp is that portion of the visible spectrum most effective in producing photoperiodic effects, both in inducing flowering responses in long day plants and in inducing a vegetative condition in short day plants. There seems to be a maximum peak of response in the neighborhood of 650 to 700 mp (4) and possibly a second lesser peak at wavelengths shorter than 450 m,u.
In addition to such contrasting reproductive effects with long and short day plants, red radiation of low intensities causes an increased synthesis of dry matter in long day plants and a decreased synthesis in short day plants when it is used to produce relatively long days during the winter months.
Summary
An investigation is reported concerning the effects of three bands of radiation used to prolong normal winter days to 18 hours on the photoperiodic responses of three long day plants, China aster, Callistephus chinensis variety Heart of France, sunflower, Helianthus cucumerifolius variety Stella, and Scabiosa atropurpurea variety Azure Fairy; and of three short day plants, Salvia splendens variety Drooping Spikes, Cosmos bipinnatus variety Late Double Crimson King, and Tithonia speciosa. The wavebands include the red from 650 to 1400 mp, the green from 455 to 550 mp, and the blue from 380 to 510 mp. The effect of these radiations on the sex reversal of Zea mays variety Purdue Bantam is given. The results obtained with the full radiation of an incandescent lamp totaling 1 foot candle of energy with the seven species listed above are included. The plants were grown under greenhouse conditions and received the full winter daylight of the duration and intensity naturally available at that season of the year. The results obtained and the conclusions drawn are as follows:
1. China aster, sunflower, and Scabiosa, long day plants, bloomed early under days prolonged with red and white radiation. Aster, seeded in winter, produced greater dry weights, both of tops and total dry weight, under the red, indicating a greater synthesis of dry matter. That this added material was not translocated is shown by a comparison of the dry weights of the roots of the plants under all of the experimental conditions. Blue radiation induced earlier flowering in aster and sunflower but not in scabiosa. Aster and sunflower failed to flower as quickly under green radiation and control conditions as under the red. Scabiosa had not bloomed under the blue, green, or control conditions by late spring.
2. Salvia, cosmos, and Tithonia remained in the vegetative condition when the days were lengthened with red and white radiation. They flowered in short days and days lengthened with blue and green light. Red radiation caused a decrease in the dry matter synthesized.
3. Aster seeded in the fall under long day conditions of 121 hours failed to make any increased reproductive response when the days were lengthened as designated, the plants in all the plots blooming at approximately the same time. When germinated in a shorter day of 91 hours, the response is as indicated above. 4 . Salvia from clonal cuttings, with all plants in flower when placed under days lengthened by wavebands indicated, reverted to the vegetative state under red and white radiation. They remained in the flowering condition under the other treatments.
5. Corn, which produces carpellate inflorescences in the tassel under short days, was prevented from producing such inflorescences by the red and white radiation used to prolong the day but not by the blue or green.
6. Conclusions are drawn that, under the conditions of the experiment, red radiation is most effective in producing the photoperiodic response both in long and short day plants; that some especially sensitive plants such as aster respond to the blue radiation; and that green radiation has little effect when used to prolong the day.
